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The Australian Acacia longifo/ia (Andr.) Willd., owes its 
success as a weed in South Africa amongst other things to 
the excessive production of long-lived seed banks under 
existing stands of the weed . A fairly intense fire (circa 
24 900 kW m - 1) was found to reduce the number of viable 
seeds in the seed bank to 8% of the original by either 
destroying or stimulating the germination of a large 
proportion of the seeds. Only 3% of the seeds present in 
the seed bank before the fire, established as seedlings after 
the fire, while the remaining seeds that were viable 
appeared to be buried too deeply to be stimulated to 
germinate. This was confirmed by a separate trial where 
seeds buried 10 mm below the soil surface were destroyed 
by fire. Most seeds buried 20 mm deep were stimulated to 
germinate while seeds buried 30 mm or deeper were largely 
unaffected by fire. 
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Een van die redes waarom die Australiese plant, Acacia 
longifolia (Andr.) Willd. , 'n indringerplant in Suid-Afrika 
geword het , is onder andere toe te skryf aan die vermoe 
van die plant om 'n groot saadbank van hardskalige sade 
tot stand te bring. 'n Groot persentasie van die sade wat op 
of net onder die grondoppervlak voorkom, word egter deur 
'n redelike intense vuur (ongeveer 24 900 kW m - 1) vernietig 
of gestimuleer om te ontkiem. Slegs 3% van die 
oorspronklike saadbank het na die vuur as saailinge 
gevestig. Van die oorblywende sade was die 8% wat nog 
kiemkragtig was, skynbaar te diep begrawe om gestimuleer 
te word om te ontkiem. Resultate van 'n afsonderlike 
eksperiment waar sade wat 10 mm diep begrawe is, almal 
deur die vuur vernietig is, het dit bevestig. 'n Groot 
persentasie van die sade wat 20 mm diep begrawe is het 
ontkiem terwyl sade wat 30 mm of dieper begrawe is, 
grootliks die effek van die vuur ontsnap het. 
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Introduction 
The long-leafed wattle, Acacia longijolia (Andr.) Willd., is 
a shrub or tree indigenous to south-eastern Australia (Caster-
mans 1981) which was introduced into the south-western Cape 
Province of South Africa in 1827. In circa 1850, an attempt 
was made to use A. longijolia, with other exotic acacias, on 
the Cape Flats for the stabilization of sand dunes, but it failed 
to establish (Shaugnessy 1980). Today A. longijolia occurs 
mainly along rivers and in mountain fynbos from Hopefield 
in the western Cape to Grahamstown in the eastern Cape 
(Boucher & Stirton 1978). Small infestations of the weed are 
also found in Natal. A. longijolia is regarded, after A. saligna, 
as the greatest threat to the fynbos biome (Macdonald & 
Jarman 1984; Taylor et a/. 1985). 
The invasive nature of the plant has been chiefly attributed 
to its large annual production of hard-coated seeds (Boucher 
& Stirton 1978). These may remain dormant in the soil for 
many years and germinate only after damage to the seed testa 
by heat or abrasion (Weiss 1983). The resulting seed bank 
of A. longijolia is regarded as a formidable obstacle in the 
.control of the weed (Milton 1980). 
Ironically, the control method which is currently being 
successfully employed against another serious invasive plant, 
Hakea sericea Schrad. (Neser 1978), and which involves the 
felling and burning of hakea plants (Fenn 1979), favours the 
spread of A. longijolia. While almost all H. sericea seeds may 
be destroyed by this method, many A. longijolia seeds survive 
fire and germinate. As a result of this, together with the lack 
of effective control measures, A. longijolia is rapidly becoming 
a greater problem than H. sericea in mountain fynbos. 
In the Banhoek Valley between Franschhoek and Stellen-
bosch an area of approximately 100 hectares on the western 
slopes of the Groot Drakenstein mountains, which was heavily 
infested with A. longijolia, was due for felling and burning 
in 1982. As part of a trial to evaluate the effectiveness of three 
different control procedures the opportunity was taken to 
investigate the vertical and horizontal distribution of seeds in 
the soil and the effect of fire on the survival, viability, 
dormancy and germination of seeds at different depths in the 
soil. 
Materials and Methods 
Two 20 X 30 m plots were laid out next to each other in 
a dense infestation (21 trees m - 2) of A. longifolia in the 
Banhoek Valley. The A. longijolia trees were approximately 
five years old and varied in height from 2 to 4 metres. Plot 
1, which had a steeper slope and more compact soil than 
Plot 2 below it, received a cut-and-burn treatment like the 
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rest of the valley, while Plot 2 (the control) was protected from 
the fire. The A. longifolia in the area was felled during 
February 1982 and burnt in ~ay 1982. 
The weather conditions on the day of the fire and for one 
month prior to the fire were obtained from ~ountain Vine-
yard weather station, situated about 6 km from the site. These 
data were used together with a fynbos fuel model (Van Wilgen 
1984) to obtain estimates of fire danger in the manner 
described by Van Wilgen & Burgan (1984). The burning index, 
an indicator of potential fire intensity, was used to compare 
conditions on the day of the fire with long-term averages given 
by Van Wilgen & Burgan (1984) . In addition, the progress 
of the fire was photographed. 
In ~arch 1982, prior to the burn, 30 soil samples were 
randomly taken from each plot to determine the density and 
distribution of the seed in the soil. A cylindrical soil corer 
(diameter 70 mm and length 200 mm) was used. The soil was 
sieved and the seeds were subjected to germination tests (see 
below). This procedure was repeated in June 1982, after the 
burn. 
Before the fire, samples of approximately 200 seeds each 
were buried in Plot I at depths of 10, 20, 30 and 40 mm on 
pieces of fibreglass gauze (to facilitate recovery). The seeds 
were part of a stock of fresh seeds of known viability and 
dormancy. After the fire, the seeds were recovered and the 
effect of fire on the different seed samples was determined 
by germination tests (see below). 
To determine the vertical distribution of seeds in the soil, 
a steel box (300 x 200 x 45 mm) was hammered 150 mm 
into the soil of the control plot. This soil sample was divided 
horizontally into 30 mrn deep subsamples and the seed density 
in each of the five layers was determined. Thirty such samples 
were taken. 
Seedling counts commenced in June 1982 along 12 equally 
spaced permanent line transects in each plot. The number of 
seedlings in four randomly allocated 0,25 m2 quadrats along 
each transect (48 quadrats), was recorded fortnightly for 33 
weeks. 
Four replications of 25 seeds per soil sample, taken before 
and after the burn, as well as the seeds buried on the gauze 
at different depths, were used to determine the viability and 
dormancy of the seeds in each treatment mentioned above. 
The seeds were placed in petri dishes lined with three layers 
of filter paper. To prevent fungal contamination, 6 ml of a 
mixture of benomyl and captan (0,022 and 0,0550Jo a.i. 
respectively) were put into the petri dishes (Clemens et a/. 
1977). These were then incubated in the dark at a constant 
temperature of 20°C. The seeds were examined weekly and 
those with a radicle protruding 1 mm or more were recorded 
as having germinated and were removed. After two weeks 
of incubation the remaining seeds were immersed in boiling 
water for 10 sec to stimulate germination (~ilton 1980). The 
seeds were then incubated for a further four weeks and 
germination recorded as before, in order to calculate the 
percentage dormancy. 
Results 
The burning index on the day of the fire was 89. Van Wilgen 
& Burgan (1984) give the limits of moderate fire danger as 
burning index values between 35 and 85, high fire danger as 
86 to 183 and extreme fire danger as 184, calculated from 
nine years of data at the nearby Bien Donne weather station. 
Flame lengths estimated from photographs of the fire were 
between 6 and 8 m. Byram (in Chandler eta/. 1983, p . 26) 
gives an empirical relationship between fire intensity and flame 
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length. From flame lengths observed, fire intensities of 
13 300 - 24 900 kW m - 1 were calculated for this fire. 
While there was no significant change in the number of 
seeds after the fire, there was a highly significant reduction 
in the viability of the seeds in the plot that was burnt (Table 
1). The number of seeds and their viability in the control plot 
where the fire was excluded remained unchanged (Table 1). 
All seeds buried 10 mm deep were destroyed by fire while 
93% of seeds buried 20 mm deep were still viable and germi-
nated without any pretreatment (Table 2). Seeds buried 30 mrn 
and deeper remained dormant. 
The top 30 mrn of soil in the control plot contained 58,1% 
of the total number of seeds. The remainder occurred mainly 
between 30 and 120 mm, with a few deeper than 120 mm 
(Table 3). 
The number of seedlings emerging in the control plot was 
negligible (0,25 seedlings m - 2) . Seedlings in the burnt plot 
emerged rapidly and evenly after the fire and after 12 weeks 
the number of seedlings stabilized at approximately 75 seed-
lings m - 2 (Figure 1). The results indicate that 3, 7% and 
0,003 % of the seeds in burnt and control plots respectively 
eventually gave rise to seedlings. 
Table 1 The effect of a cut-and-burn treatment (Plot 
1) on the average number and percentage viability 
( ± S.E.M.) of soil-stored seeds of A. /ongifo/ia in the 
Banhoek Valley near Stellenbosch 
Seeds 
Mean Mean 
Treatment density (m - 2) viability (% ) 
Burnt (Plot 1) 
Before 
After 
Unburnl (Plot 2) 
Before 
After 
Iss 
2078 ± 488 
1862 ± 348 
= 0,88 p ~ 0,4 
2901 ± 415 
3473 ± 498 
99 ,0 ± 0,27 
8,0 ± 1,0 
16 = 40,7 p :,; 0,001 
99,0 ± 0,27 
99,0 ± 0,27 
Iss = 0,36 P ~ 0,5 16 = 0,0 p ~ 0,5 
Table 2 The effect of a fire on the via-
bility and dormancy of A. /ongifolia seeds 
buried at different depths 
10 
OJo seeds viable 0 
OJo seeds dormant 
Depth buried (mm) 
20 
93 
0 
30 
98 
92 
40 
98 
98 
Table 3 The vertical distribution ( ± S.E.M.) of 
A. longifolia seed in the soil under a dense 
5-year-old thicket in the Banhoek Valley near 
Stellenbosch 
Soil depth (mm) 
0 - 30 
31 - 60 
61 - 90 
91 - 120 
121 - 150 
Percentage of total seed bank 
58 , 1 ± 7,6 
12,8 ± 4,0 
17 ,2 ± 6,0 
11 , 1 ± 5,0 
0,75 ± 0,5 
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Figure I Emergence of A. longijolia seedlings in a burnt plot in the 
Banhoek Valley near Stellenbosch. The emergence of seedlings in the 
unburnt control plot is not shown because it remained low throughout 
the period (0,25 seedlings m - 2). 
Discussion 
Although the seedbank of A. longifolia has been a major 
cause for concern in the control of the weed, results here 
indicate that it might not necessarily be the inexhaustible 
reservoir it was previously feared to be. It now appears that 
a large proportion of the seed bank may be destroyed by fire . 
Some of the remaining 807o viable seeds may be buried too 
deeply to be stimulated to germinate by fire. Mortality of 
seedlings emerging from this depth is also high (Milton 1980). 
As only 3% emergence of the original seed bank produced 
a stand of approximately 7 5 seedlings m - 2 , the viable seeds 
remaining in the soil after the fire (8% of the original seed 
bank) may still be a problem if they germinate simultaneously. 
These results therefore suggest that, if the existing A. longifolia 
seedling population was removed now, and provided that the 
soil remains undisturbed (as it should in a mountain catchment 
area), a repetition of the massive seedling establishment is 
unlikely. The small number of plants establishing annually 
could easily be contained by regular follow-up work such as 
weeding or herbicide application. (This prediction has in fact 
been verified when recently, following a second fire, seedling 
establishment in the burnt areas has been minimal.) 
It must be stressed however, that these results were obtained 
from only one site in the Banhoek Valley and that this work 
should be repeated at different localities and under different 
environmental conditions. On the day of the fire, for example, 
weather conditions resulted in moderate to high fire hazard 
as indicated by the burning index. Such conditions should be 
suitable for prescribed burning operations (Van Wilgen pers. 
comm.). This burning index was estimated using a fynbos fuel 
model in order to compare the results to those of Van Wilgen 
& Burgan (1984). The fuel bed, however, was not fynbos but 
felled A . longifolia trees. There was therefore a high concen-
tration of dry dead fuel in a fuel bed about 1 m deep. 
Available fuel would have been more than that normally 
found in fynbos. Fire intensities between 500 and 21 000 kW 
m - I have been measured in fynbos (Van Wilgen et al. 1985). 
These included fires burnt under relatively extreme conditions 
which would not normally be selected for safe prescribed 
burning (Van Wilgen pers. comm.). The fire in dead A . 
longifolia fuels was thus more intense ( 13 300 - 24 900 k W 
m - 1) than would be the case for a fire in fynbos under similar 
conditions. Intense fires such as the one described may destroy 
the majority of seeds in the top 15 mm of soil while seeds 
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between 15 and 30 mm below the soil surface may be stimu-
lated to germinate . 
Soil characteristics may also influence the result by deter-
mining the vertical distribution of the seeds in the soil (Milton 
1980). The top 30 mm of soil in the control plot, which was 
less steep and less compact than the soil in the burnt plot, 
contained 58% of the total number of seeds in the soil . Results 
obtained (Table 2) indicate that only 58% of the seeds would 
be destroyed or stimulated to germinate by the fire. In the 
burnt plot however, 92% of the seeds was destroyed by the 
frre. This indicates that a higher percentage of seeds must have 
been near the soil surface in the burnt plot than in the control 
plot. This is possibly because the harder soil cannot be readily 
penetrated by the seeds, or because the steeper slope resulted 
in a higher fire intensity. 
Since it seems that, under favourable conditions, the portion 
of the seed bank of A. longifolia that is of concern may be 
controlled by fire , more effort should be made to control the 
resulting seedlings. Chemical control, at present, seems to be 
relatively unsuccessful (Donald and Kirby-Smith 1983), and 
the task is to find an economical and efficient way to kill A. 
longijolia seedlings without causing too much damage to 
indigenous vegetation that may occur in the same area. The 
re-establishment of desirable species is worth investigating 
because the eradication of a monoculture of A. longijolia 
seedlings can lead to erosion problems. Re-established species 
can prevent erosion and also compete with A. longifolia 
seedlings that escape control. 
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